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Abstract
Background: In this retrospective analysis we investigated the predictive performance of orthostatic hypotension
(OH) and ambulatory blood pressure monitoring (ABP) to predict autonomic dysfunction.
Methods: Statistical associations among the candidate variables were investigated and comparisons of predictive
performances were performed using Receiver Operating Characteristics (ROC) curves.
Results: Ninety-four patients were included for analysis. No significant correlations could be demonstrated between
OH and components of ABP (reversal of circadian pattern, postprandial hypotension and heart rate variability),
nor between OH and autonomic reflex screen. Reversal of circadian pattern did not demonstrate significant
correlation (r = 0.12, p = 0.237) with autonomic reflex screen, but postprandial hypotension (r = 0.39, p = 0.003)
and heart rate variability (r = 0.27, p = 0.009) demonstrated significant correlations. Postprandial hypotension
was associated with a five-fold (OR 4.83, CI95% 1.6–14.4, p = 0.005) increased risk and heart rate variability with a four-fold
(OR 3.75, CI95% 1.3–10.6, p = 0.013) increased risk for autonomic dysfunction. Per ROC curves, heart rate variability (0.671,
CI95% 0.53–0.81, p = 0.025) and postprandial hypotension (0.668, CI95% 0.52–0.72, p = 0.027) were among the best
predictors of autonomic dysfunction in routine clinical practice.
Conclusion: Postprandial hypotension and heart rate variability on ambulatory blood pressure monitoring are among the
best predictors of autonomic dysfunction in routine clinical practice.
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Background
Orthostatic hypotension (OH) is present in a heteroge-
neous group of disease states. Although not synonymous
with autonomic dysfunction, OH is often suggested as a
marker of autonomic dysfunction [1]. Patients with OH
often have abnormal 24-h ambulatory blood pressure
monitoring (ABP) profile characterized by reversal of
circadian pattern, postprandial hypotension, and non-
compensatory heart rate variability [2]. Interestingly,
heightened day-night systolic blood pressure gradient
[3], increased nocturnal heart rate [4] and postprandial
hypotension [5] on ABP have also been associated with
dysfunction of the autonomic nervous system. The
diagnosis of autonomic dysfunction requires a battery of
testing that includes cardiovagal heart rate tests, labora-
tory indices of adrenergic function and sudomotor tests.
The clinical autonomic tests are complex and usually
available only in the clinical neurophysiology labora-
tory in referral centers. The role of the clinicians is
to determine requirement for further testing based on
history and physical examination, bedside blood pres-
sure measurements and ABP monitoring. However, it
is uncertain whether office orthostatic blood pressure
measurements and ABP can reliably predict auto-
nomic dysfunction. The aim of the study was to
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assess the relationship between OH, ABP and auto-
nomic dysfunction.
Methods
Database of a previously published study of patients who
underwent ABP were reviewed (N = 1680) [2]. To inves-
tigate the relationship between OH, ABP and autonomic
dysfunction, we identified ninety-four patients who had
simultaneously undergone office OH measurements,
ABP and autonomic reflex screen as part of the investi-
gation for suspected autonomic dysfunction based on
symptomatology. Of note, ABP and autonomic reflex
screen testing were triggered by symptomatology and
not merely by the presence of positive office OH. We
then determined the presence or absence of office OH
based on multiple measurements. OH was defined as a
sustained reduction in systolic blood pressure of
20 mmHg or a diastolic blood pressure of 10 mmHg
within three minutes of standing when compared with
blood pressure from the sitting or supine position [6].
Blood pressure and heart rate were measured with an
ABP monitor (model 90207, Spacelabs Medical,
Redmond, WA). Measurements were obtained every
15 min while the patient was awake and every 30 min
while sleeping. Patients were instructed to record in a
journal the time of the following daily events: sleep and
wake times, meal times, and any symptoms. Nocturnal
blood pressure was defined as the mean blood pressure
from the time at which the patient went to bed until the
time of awakening, and the daytime blood pressure was
defined as the mean blood pressure during the
remaining portion of the day. Twenty-four-hours ABP
tracings were assessed for the presence or absence of
reversal of circadian pattern, heart rate variability and
postprandial hypotension. Reversal of circadian pattern
was defined as nocturnal blood pressure equal to or
more than daytime blood pressure. Heart rate variability
was defined as the presence of either of two conditions:
(1) lack of increase in heart rate (<10 beats/min) when
systolic blood pressure decreased by more than
20 mmHg or (2) lack of increase in heart rate when
diastolic blood pressure decreased by more than
10 mmHg [7]. Postprandial hypotension was defined as
a decrease in systolic blood pressure of 20 mmHg within
75 min of eating meals [8].
Autonomic function was evaluated using the auto-
nomic reflex screen consisting of an array of tests that
noninvasively evaluate the sudomotor, cardiovagal and
adrenergic limbs of the autonomic nervous system [9].
The autonomic test battery consisted of beat-to-beat
changes in heart rate and blood pressure with Valsalva
maneuver and 80° head-up tilt, a thermoregulatory
sweating test, and a quantitative sudomotor axon reflex
test. The degree of autonomic dysfunction was graded
by use of the Composite Autonomic Scoring System
(CASS), which summates sudomotor (3 points), cardio-
vagal (3 points), adrenergic (4 points) deficits on a
10-point scale, with zero meaning no dysfunction. For
analysis, individuals were designated as having auto-
nomic dysfunction (CASS score of 1–10) or not (CASS
score 0). The CASS has been found to be specific and
sensitive for detecting and quantitating symptomatic
autonomic failure. A detailed discussion of the clinical
autonomic testing is available at American Academy of
Neurology website at https://www.aan.com/Guidelines/
home/GetGuidelineContent/39.
All results are presented as mean ± standard deviation
(or standard error of mean) with p-value. P value <0.05
was considered statistically significant. Continuous
variables were compared with a two-sample t-test or
Wilcoxon rank sum test and dichotomous variables with
chi-squared test or Fisher’s exact test. Potential, clinically
meaningful determinants of autonomic dysfunction were
investigated in a univariate screening procedure using
Pearson correlation of coefficients (r) test. The nonpara-
metric Spearman rho coefficient of correlation was used
to assess correlations between variables without normal
distribution. Significant determinants identified from
this analysis were studied in a multiple regression model.
Area Under the Curve (AUC) of the Receiver-Operating
Characteristic (ROC) curves was used to compare the
predictive performance of OH, reversal of circadian pat-
tern, postprandial hypotension and heart rate variability
to detect autonomic dysfunction. All analyses were
conducted using SPSS version 20, Chicago Ill., USA. The
study conception, design, execution, data collection,
analysis, and manuscript preparation were performed in
its entirety and independently by the investigators. All
authors had independent access to data and analysis.
Institutional Review Board’s requirement of approval
was waived for this previously published dataset.
Results
Patient characteristics
OH was present per office blood pressure measurements
in 77.6% of the patients. Lightheadedness or dizziness
was the presenting symptoms in 36.4% of the patients.
The characteristics of the patients are shown in Table 1.
Patients were predominantly Caucasians, reflecting the
local referral pattern, and included more males than
females. Comorbid conditions included hypertension,
various types of cancers (head and neck 33.3%, genito-
urinary 47.6%, gastrointestinal 9.5%, other 9.5% of all
cancers) and neurological disorders (Parkinson’s disease
71.4% and multi-system atrophy 28.5% of all neuro-
logical diagnoses). Mean office supine blood pressure
was 152 ± 7/84 ± 5 mmHg and standing blood pressure
was 115 ± 2/61 ± 1 mmHg. Mean fall in supine to
Alquadan et al. Clinical Hypertension  (2017) 23:3 Page 2 of 6
standing systolic blood pressure (degree of orthostatic
fall, deltaOH) was 36.8 ± 0.7 mmHg. Two patients were
taking beta-blocker medications and three patients were
on alpha-2 adrenergic receptor agonists. None of the pa-
tients were on diuretics, renin-angiotensin-aldosterone
system blockers, calcium channel blockers or vasodilators.
Orthostatic and ambulatory blood pressure monitoring
The contributions of the individual components of ABP
are shown in Table 2. Reversal of circadian pattern and
postprandial hypotension were the most common abnor-
malities among the three components of ABP. Statisti-
cally significant correlations between OH and reversal of
circadian pattern (r = 0.04, p = 0.687), postprandial
hypotension (r = 0.02, p = 0.864 or heart rate variability
(r = 0.03, p = 0.792) could not be demonstrated. Neither
were any significant correlations between the deltaOH
and reversal of circadian pattern (r = 0.03, p = 0.758),
postprandial hypotension (r = 0.12, p = 0.232) or heart
rate variability (r = 0.16, p = 0.118).
Orthostatic blood pressure and autonomic reflex screen
Autonomic reflex screen, according to the CASS score,
was positive in 80.8% (76/94) of the patients. The mean
CASS score was 1.9 ± 0.2, median 2.0 (range 9, min 0,
max 9). No significant correlation could be demonstrated
between OH and autonomic reflex screen (0.13, p = 0.217)
or CASS score (r = 0.05, p = 0.646), nor between deltaOH
and autonomic reflex screen (r = 0.01, p = 0.965) or CASS
score (r = 0.06, p = 0.584).
Ambulatory blood pressure monitoring and autonomic
reflex screen
Examination of the components of ABP showed that
reversal of circadian pattern did not demonstrate signifi-
cant correlation with autonomic reflex screen (r = 0.12,
p = 0.237) or to individual components of autonomic
reflex screen (sudomotor, r = −0.2, p = 0.372; cardiovagal,
r = 0.07, p = 0.666; and adrenergic, r = 0.02, p = 0.921).
Postprandial hypotension demonstrated significant
correlation with CASS score (r = 0.24, p = 0.012) and
autonomic reflex screen (r = 0.39, p = 0.003). Heart rate
variability also showed significant correlations with
CASS score (r = 0.29, p = 0.002) and autonomic reflex
screen (r = 0.27, p = 0.009). The relationship of the
sum of the number of abnormal components of ABP
(ABPTotal = reversal of circadian pattern + postprandial
hypotension + heart rate variability) and CASS score
and autonomic reflex screen were also examined.
Significant correlation was noted between ABPTotal
and CASS score (r = 0.38, p <0.001) and autonomic
reflex screen (r = 0.31, p = 0.002). In unadjusted
model, reversal of circadian pattern did not signifi-
cantly increase the risk for autonomic dysfunction
(odds ratio, OR 2.32, CI95% 0.7–7.6, p = 0.163). In
contrast, postprandial hypotension was associated
with a five-fold (OR 4.83, CI95% 1.6–14.4, p = 0.005)
increased risk for and heart rate variability with a four-
fold (OR 3.75, CI95% 1.3–10.6, p = 0.013) increased risk for
autonomic dysfunction. In the adjusted model that
included conditions usually associated with autonomic
dysfunction (Parkinson’s disease, multi-system atrophy,
diabetes), OH and components of ABP, postprandial
hypotension was associated with a four-fold (OR 4.36,
CI95% 1.4–13.6, p = 0.009). Further analysis revealed that in
comparison to patients without postprandial hypotension,
patients with postprandial hypotension had significantly
higher CASS scores (postprandial hypotension 2.0 ± 0.2 vs.
No postprandial hypotension 1.3 ± 0.3, p = 0.042) but no
significant differences in individual components of the
autonomic reflex screen test: sudomotor, postprandial
Table 1 Patient characteristics
Demographics N = 94
Age (years) 71 ± 0.9
Male gender (%) 56.4




Coronary artery disease (%) 18.1
Hyperlipidemia (%) 12.8
Cancer (%) 22.3
Neurological disorder (%) 14.9
Stroke (%) 8.5
Blood pressures
Supine (mean ± STD, mmHg) 152 ± 7/84 ± 5
Standing (mean ± STD, mmHg) 115 ± 2/61 ± 1
STD = standard deviation
Table 2 Contributions of the components of ambulatory blood
pressure monitoring and autonomic reflex screen in orthostatic
hypotension
Ambulatory blood pressure monitoring
Reversal of circadian pattern (%) 81.9
Postprandial hypotension (%) 75.5
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hypotension (p = 0.795), cardiovagal (p = 0.298) and adren-
ergic (0.852).
In the subgroup analysis of patients without cancer
(N = 73), reversal of circadian pattern did not demon-
strate significant correlation with autonomic reflex screen
(r = 0.19, p = 0.115) or to individual components of auto-
nomic reflex screen (sudomotor, r = −0.04, p = 0.847;
cardiovagal, r = 0.11, p = 0.552; and adrenergic, r = −0.08,
p = 0.688). Heart rate variability did not demonstrate sig-
nificant correlation with autonomic reflex screen (r = 0.19,
p = 0.102) or to individual components of autonomic
reflex screen (sudomotor, r = 0.19, p = 0.288; cardiovagal,
r = 0.12, p = 0.533; and adrenergic, r = −0.17, p = 0.349).
Postprandial hypotension did not demonstrate significant
correlation with individual components of autonomic
reflex screen (sudomotor, r = 0.19, p = 0.795; cardiovagal,
r = 0.16, p = 0.386; and adrenergic, r = −0.04, p = 0.841).
Similar to results in the full cohort above, postprandial
hypotension and ABPTotal demonstrated significant correl-
ation with autonomic reflex screen (r = 0.31, p = 0.007 and
r = 0.31, p = 0.007, respectively) and CASS score (r = 0.37,
p = 0.001 and r = 0.25, p = 0.030, respectively). We also an-
alyzed the patients with diabetes (N = 9). No significant
correlations could be demonstrated between ABP (or
components) and autonomic reflex screen (or individual
components) or with CASS score.
Performance of orthostatic and ambulatory blood
pressure monitoring to predict autonomic dysfunction
Comparison of AUCs of OH, deltaOH, ABPTotal , rever-
sal of circadian pattern, postprandial hypotension and
heart rate variability are shown in Fig. 1. Heart rate
variability and postprandial hypotension had the best
predictive performance, deltaOH did not demonstrate
favorable performance. Although the predictive perform-
ance improved when the sum of the abnormal ABP
components (ABPTotal) were utilized, postprandial
hypotension and heart rate variability independently
demonstrated comparable predictive power. In the
subset of patients with neurological disorders (N = 14)
comparison of AUCs were as follows: OH- 0.500 (0.00–
1.00, p = 1.000), deltaOH- 0.885 (0.67–1.00, p = 0.215),
ABPTotal- 0.385 (0.00–0.88, p = 0.710), reversal of circa-
dian pattern- 0.500 (0.00–1.00, p = 1.000), postprandial
hypotension- 0.462 (0.00–1.00, p = 0.901) and heart rate
variability- 0.500 (0.00–1.00, p = 1.000), respectively. In
the subset of patients with non-neurological disorders
(N = 80), ABPTotal (AUC 0.684, 0.53–0.84, p = 0.021),
postprandial hypotension (AUC 0.673, 0.52–0.81, p =
0.029) and heart rate variability (AUC 0.665, 0.52–0.81,
p = 0.037) demonstrated best predictive performances
followed by reversal of circadian pattern (AUC
0.568, 0.41–0.73, p = 0.394), OH (AUC 0.500, 0.34–
0.66, p = 1.000) and deltaOH (AUC 0.453, 0.30–0.61,
p = 0.556), respectively. In the subset that included
neurological or diabetes patients (N = 21), AUCs of
the variables were as follows: OH- 0.500 (0.07–0.93,
p = 1.000), deltaOH- 0.833 (0.66–1.00, p = 0.127),
ABPTotal- 0.333 (0.02–0.65, p = 0.445), reversal of cir-
cadian pattern- 0.452 (0.08–0.82, p = 0.827), postprandial
hypotension- 0.452 (0.05–0.85, p = 0.202) and heart rate
variability- 0.429 (0.08–0.77, p = 0.743), respectively.
Discussion
OH is a common clinical finding, occurring in 5% in
patients <50 years of age to 30% in those >70 years of
age [10]. OH is associated with frequent falls [11],
increased risk for the non-cardiovascular disease mortal-
ity [12] and autonomic dysfunction [13, 14]. Although
ABP is utilized to detect and assess the severity of OH
associated with autonomic dysfunction, its ability to pre-
dict underlying autonomic dysfunction is uncertain. In
this study, we investigated the predictive performance of
office orthostatic blood pressure measurements and ABP
monitoring to predict autonomic dysfunction.
The major findings of the study were that two of the
ABP components, i.e., heart rate variability and post-
prandial hypotension were major predictors of and were
associated with a four- and five-fold increased risk for
autonomic dysfunction, respectively. Interestingly, heart
Fig. 1 Comparison of ROC curves of orthostatic blood pressure and
components of ambulatory blood pressure monitoring to predict
autonomic dysfunction. OH: orthostatic hypotension; RCP: reversal of
circadian pattern; PPH: postprandial hypotension; HRV: non-compensatory
heart rate variability; ABPtotal: sum of the number of abnormal
components of ambulatory blood pressure monitoring; deltaOH:
degree of orthostatic fall
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rate variability was the least common among ABP find-
ings, present in only 60% of the patients. Heart rate
variability has been well documented in diabetes,
hypertension, chronic kidney disease and conditions
associated with autonomic dysfunction including in
paraplegics [15–17]. Postprandial hypotension has been
reported to closely relate to somatic and autonomic
neuropathy and was present in 37% of the diabetic
patients on ABP [18], in 83% of patients with OH2 and
in 100% of Parkinson’s disease patients [19]. Perhaps the
role of the autonomic nervous system in postprandial
hypotension is better demonstrated by the finding that
in order to prevent it, a more than 200% increase in
sympathetic nervous activity during eating is required
compared with that of the mean daytime activity, thus
making eating a significant cardiovascular load in those
with autonomic dysfunction [20]. Postprandial hypotension
is prevalent in the elderly, geriatric population but is not
commonly diagnosed [21] perhaps due to the tendency to
focus more on reversal of circadian pattern and heart rate
variability when interpreting ABP reports.
An important finding was the lack of correlation of
reversal of circadian pattern with autonomic dysfunc-
tion, considering that reversal of circadian pattern and
autonomic dysfunction are primary hallmarks of many
diseases with abnormal neurohormonal regulation [22, 23]
and has been linked to end-organ damage [2], insulin
resistance [24], increased cardiovascular events and mor-
tality [25]. Secondary analysis of data from the X-CEL-
LENT study has also associated autonomic dysfunction
with a heightened day-night systolic blood pressure gradi-
ent and more variable systolic blood pressure over 24 h in
patients with essential hypertension [3]. In the current
study we were unable to control for dietary salt intake,
smoking, obesity and obstructive sleep apnea [26], factors
that are known to influence reversal of circadian pattern.
Another intriguing possibility for our observation maybe
the suggestion from ad hoc analysis of the PROOF study
data that suggests that autonomic dysfunction precedes
an insufficient decrease in nocturnal blood pressure inde-
pendent of hypertension status, i.e., the time interval [27].
We could not demonstrate significant correlation of OH
or deltaOH with ABP or autonomic dysfunction. Others
have reported that approximately 83% of patients with
OH showed at least one generalized autonomic failure of
sympathetic adrenergic and parasympathetic cardiovagal
functions [13]. This discrepancy illustrates that OH,
although a dramatic presentation, is not synonymous with
autonomic dysfunction and represents heterogeneous
disease states. In one report, 93% of patients with OH had
autonomic dysfunction and their etiology included neuro-
logic diseases in 38% of the cases, diabetes 11%, and the
rest were cardiovascular, neoplasm, carotid artery disease,
paraproteinemia and obstructive sleep apnea [2].
Bedside observations in clinical medicine trigger investi-
gations to uncover etiology of the patients’ signs and
symptoms and can lead to further clinical and basic sci-
ence research to understand their mechanisms. However,
associations are not causative and findings in a particular
illness often cannot be extrapolated to a different disease
state. Such is the case for orthostatic hypotension that is
often used synonymously to denote autonomic dysfunc-
tion and to infer the presence of reversal of circadian
pattern. In this study the majority of the diagnosis of OH
was established in the primary care settings and there was
no correlation of orthostatic hypotension with ambulatory
blood pressure monitoring and with autonomic dysfunc-
tion. It was not the reversal of circadian pattern, but the
often overlooked postprandial hypotension and heart rate
variability that were strong predictors of autonomic
dysfunction.
A limitation of this study was the underrepresentation
of hypertension patients who underwent autonomic reflex
screen testing and the severity of OH. A simple explan-
ation is that neurologically asymptomatic, hypertension
patients are not usually referred for autonomic reflex
screen testing. However, we have previously reported that
in age-matched hypertension patients reversal of circadian
pattern, postprandial hypotension and heart rate variabil-
ity were present in 15, 2 and 1%, respectively compared to
80, 80 and 75% respectively in patients with OH.2 Another
issue concerns the accuracy of heart rate variability
derived from photoplethysmographic versus electrocar-
diographic signals. Although comprehensive investigations
of all heart rate variability indices in large populations
have yet to be performed, recent report suggests sufficient
accuracy between them [28]. The analysis of specific
subsets strengthens the credibility of our findings but the
validation is restricted by the small sample. We were
unable to investigate the relationship between variants of
OH (initial OH, delayed OH). Despite the limitations of a
retrospective analysis, we were able to compare head-to-
head office orthostatic blood pressure measurements with
ABP and sophisticated methods of testing of the auto-
nomic nervous system.
Conclusion
We have demonstrated that postprandial hypotension and
heart rate variability on ambulatory blood pressure moni-
toring are strong predictors of autonomic dysfunction in
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